A field experiment on eco-friendly pest control in cucumber (Cucumis sativa L.) field was conducted at Rajshahi University during April, 2011 to June, 2011 with eight botanical pesticides prepared from the leaves and seeds of Bangladeshi plants. These botanicals are mahogany seeds, (Swietenia mahagoni), chirata leaves (Swertia chirata), jute seeds (Corchorus olitorius L.), garlic (Allium sativum L.), marigold leaves (Tagetes erecta) and carrot leaves (Daucus carota). One control treatment without botanicals was maintained during this experiment where only water was sprayed. Out of these botanicals, a less number of insect attacks on cucumber leaves (1.33 ± 0.19) were found in combined treatment of mahogany and chirata whereas a high number of insect attacks were observed in combined treatment of garlic and jute seed (5.89 ± 0.40) and control (4.66 ± 0.33). Individual application of chirata extract also showed good protection of cucumber leaves (1.67 ± 0.19) from insect attack. A smaller number of leaves perforations were found in the combined treatment of mahogany and chirata (3.44 ± 0.29) compared to control (14.22 ± 1.05). Chirata extract also showed good performance (4.00 ± 0.19) against leaves perforation of insect. Besides the pest control, botanical pesticides also have enormous effect on plant growth. The tallest cucumber plant was observed in the combined treatment of mahogany and chirata (469.00 ± 63.51 cm) and shortest in garlic treatment (84.56 ± 15.24 cm). The cucumber production was also high in combined treatment of mahogany and chirata (1863.33 ± 196.32 g) compared to control (1260.00 ± 501.63 g). From this study, it is found that combined application of mahogany and chirata extract not only showed good protection of cucumber plant from insect attack but also increased the cucumber production. Therefore, we conclude that farmers should use botanical pesticides from mahogany seeds and chirata leaves instead of toxic chemical insecticides for controlling pest in cucumber field.
Introduction
Cucumber (Cucumis sativus L.) is an important vegetable and one of the most popular members of the Cucurbitaceae family [1, 2] . It is thought to be one of the oldest vegetables cultivated by man with historical records dating back 5000 years [3] . The crop is the fourth most important vegetable after tomato, cabbage and onion in Asia [4] , the second most important vegetable crop after tomato in Western Europe [5] . In tropical Africa, its place has not been ranked because of limited use.
The cucumber is a creeping vine that roots in the ground and grows up trellises or other supporting frames, wrapping around supports with thin, spiraling tendrils.
The plant has large leaves that form a canopy over the fruit. The fruit of the cucumber is roughly cylindrical, elongated with tapered ends, and may be as large as 60 centimeters (24 in) long and 10 centimeters (3.9 in) in diameter. Having an enclosed seed and developing from a flower, botanically speaking, cucumbers are classified as accessory fruits. Much like tomatoes and squash they are often also perceived, prepared and eaten as vegetables. Cucumbers usually have more than 90% water content.
was probably introduced to other parts of Europe by the Greeks or Romans. Records of cucumber cultivation appeared in France in the 9th century, England in the 14th century, and in North America by the mid-16th century.
Cucumber is a long, green and cylinder-shaped edible fleshy fruit of a creeping plant (Cucumis sativus). A native to India, these plants have been cultivated for thousands of years. This fruit is used primarily for pickling and for slicing as a salad. In India, salad is incomplete without this green fruit. Cucumber raita, (mixture of cucumber and curd) is another popular recipe in India. Besides being widely used for culinary purposes, cucumbers are also used in facial creams, lotions, and cleansers. This anti-inflammatory agent is known for its astringent and soothing properties.
Cucumber is a warm season annual vining plant that produces stiff hairs on the leaves and stems which can be irritating to human skin when touched. Since this plant is herbaceous, it is easily susceptible to moisture stress. Its triangular leaves are simple, alternate and lobed, located at the base of the main axils. Perfect flowers are rare in cucumbers. Most cultivars produce separate male and female flowers on the same plant. For pollination, insects are required. Honey bees are the primary pollinators in the field.
Cucumber plant requires a well drained light friable soil for maximum yield. It prefers hot climate, i.e. a daily temperature is 65˚F -75˚F. The plant requires proper irrigation for its vigorous growth. It needs water during blossoming and fruiting. The fruit is roughly cylindrical, elongated, with tapered ends, and may be as large as 60 cm long and 10 cm in diameter.
Nutritional Value
Cucumber, the edible fruit of Cucumis sativus is a member of the gourd family. It contains 95% water; a 50-g portion provides 0.3 g of dietary fibre and supplies 5 kcal (20 kJ). It is very good for skin and contains anti-inflammatory properties.
Importance of Eco-Friendly Pesticides
The use of conventional insecticides has raised some concern about their threat to the environment and development of insecticide resistance in insects [10] , there is an imperative need for the development of safer, alternative crop protectants such as botanical insecticides. Current pest control technology is based largely on imported synthetic insecticides, which are frequently priced beyond easy reach of small farmers, who constitute a very large proportion of the farming population in Bangladesh.
Moreover, many insects have been reported to be resistant to chemical insecticides like malathion, DDT, lindane, demeton methyl, pyrethroids etc. [11, 12] . The problems caused by pesticides and their residues have increased the need for effective, biodegradable pesticides with greater selectivity. Alternative strategies include the search for new types of insecticides and the re-evaluation and use of traditional botanical-pest control agents [13] . Bangladesh and many other Asian countries are rich in plant products and traditionally used by the rural inhabitants for medicinal purpose and in some instance as preparations for insect control [14] . Botanical insecticides tend to have broad spectrum activity, are relatively specific in their mode of action, and easy to process and use in farm levels. They are also safe for higher animals and the environment [15] . Botanical insecticides can often be easily produced by farmers and small-scale industries, indigenous plant materials are cheaper and hazard free in comparison to chemical insecticides [16] . Plants are rich sources of natural substances that can be utilized in the development of environmentally safe methods for insect control [17] . Crude plant extracts often consist of complex mixtures of active compounds, they may show greater overall bioactivity compared to the individual constituents [18, 19] . The deleterious effects of crude plant extracts on insects were manifested in several ways, including toxicity [20] , feeding inhibition [21, 22] . Certain plant families, particularly Meliaceae, Rutaceae, Asteraceae, Labiatae, Piperaceae and Annonaceae were viewed as exceptionally promising sources of plant-based insecticides [23] [24] [25] .
The research in botanical pesticides has a good scope of study. Bangladesh has a rich plant biodiversity. Therefore, this study was conducted to find out a suitable botanical pesticide from indigenous herbs, shrubs and plants of Bangladesh for eco-friendly pest management in cucumber field.
Materials and Methods

Experimental Plot Preparation
A field experiment was conducted at IES experimental plot, Rajshahi University, during 12 th April 2011 to 15 th June 2011. Grasses and weeds of experimental plot were removed and ploughed the land properly with spade. Appropriate amount of manure (cow-dung) and chemical fertilizers (triple super phosphate, muriate of potash and urea) were applied into soil during field preparation. Then, the seeds were planted in the experimental plot.
The plot was irrigated with tap water when necessary. There were nine treatments in this experiment and each treatment has three replications. Each replication has only one cucumber plant.
Cucumber Cultivation
Cucumber seeds were sown in 12 th April, 2011 and fruits harvest completed by 15 th June, 2011.
Botanicals and Control Treatments
Four individual botanical-extracts and four combined botanical extracts were tested in this experiment. Individual botanicals are mahogany seeds (Swietenia mahagoni); chirata leaves (Swertia chirata); jute seeds (Corchorus olitorius L.); garlic (Allium sativum L.), whereas combined botanicals are mahogany seeds and chirata leaves; jute seeds and chirata leaves; garlic and jute seeds, and marigold leaves and carrot leaves. One control treatment without botanicals was maintained in this experiment. Only water was sprayed in this treatment.
Extraction of Botanical Pesticides
Leaves were dried at room temperature for seven days before grinding or cutting into small pieces. 100 g of grinding or cutting leaves and seeds were dissolved in one liter distilled water. The plant leaves and seed samples were kept in water for three days. Then solutions were filtered with plastic filter. The filtrated water-extracts were kept in refrigerator with plastic bottles until use.
Spraying Method
The botanical extracts were sprayed on experimental plants twice a week.
Pest Attack Counting
The pest attack was monitored every day and the damages were counted every 3 days in a week. The number of plants attacked, leaves attacked and the number of leaves perforation were recorded.
Data Processing and Statistical Analysis
Data on plant length, total leaves, insect attack, leaves perforation and cucumber production were received from the monitoring data of three plants that means three replications of each treatment. The data of three replications were first averaged treatment-wise and statistical analysis was done using one way ANOVA (P ≤ 0.05) followed by Duncan's Multiple Range Test (DMRT) to identify the significant differences between the treatments. Those data were presented in table in results and discussion part.
Results and Discussion
Effect of Botanical Pesticides on Pest Control in Cucumber Leaves
Insect attacks on cucumber leaves were found to decrease significantly (P ≤ 0.05) with applications of botanical pesticides. Some researcher found that the use of botanicals such as neem and other bio-pesticides to control insect of vegetables are gaining much attention [26, 27] . In this study, we found a less number of insect attacks on cucumber leaves in combined treatment of mahogany and chirata (1.33 ± 0.33), whereas a high number of insect attacks were found in the combination of garlic and jute seed treatment (5.87 ± 0.69) and control (4.66 ± 0.57). The individual application of chirata extract also showed good protection of cucumber leaves (1.67 ± 0.33) against pest ( Table 1) . Cucumber leaves perforation was also found to decrease significantly with applications of botanical pesticides (P ≤ 0.05). Leaves perforation in cucumber field was regularly monitored. Water extract of combined treatment of mahogany and chirata showed best performance against cucumber leaves perforation (3.44 ± 0.51) caused by pests ( Table 1) . Individual application of water extract of chirata was also found very effective against leaves perforation (4.00 ± 0.33) compared to control (14.22 ± 1.83). Plant oils, neem oil (3%), C. citratus (0.05%), M. indica oil (3%) are reported to be effective against insect [28] . These observations are similar with the findings of some reports [29] [30] [31] [32] .
Effect of Botanical Extracts on Cucumber Plant Growth
The number of leaves per plant was significantly influenced by botanical pesticides (P ≤ 0.05). The highest number of leaves was found in mahogany seed treatment (33.67 ± 3.84) while the least number of leaves was in garlic treatment (11.11 ± 3.56) ( Table 2) . Some researcher reported that nutrients from mineral fertilizers and bio-pesticides enhanced the establishment of crops while those from the mineralization of organic matter promoted yield [33] . The plant length of cucumber was significantly enhanced by the application of botanical pesticides (P ≤ 0.05). The tallest cucumber plant was observed in the treatment of combination of mahogany and chirata (469.00 ± 110.01 cm) while the shortest plant was in the treatment of garlic (84.56 ± 26.41 cm). The vigorous growth in cucumber was experienced during growing period as evidenced in the vine length and number of leaves produced per plant ( Table 2) . Nutrients from mineral fertilizers and botanical pesticides enhanced the establishment of crops while those from the mineralization of organic matter promoted yield [34, 35] .
by many kinds of pests and insects (Epilachna beetle, red pumpkin beetle, striped cucumber beetle (Acalymma vittatum), ants, grasshoppers, and white mite) compared to less number of insect attack in botanical pesticides applied treatments. During this study, only one insect (black ants) was found in the treatment of combination of mahogany and chirata ( Table 3) .
Some studies reported that fruit borer populations were consistently lower with the application of eco gold, garlic extract and neem extract. Similar results from other studies in Asia and parts of Africa support these findings [36] [37] [38] .
Effect of Botanical Extracts on Fruit of Cucumber
The fruit length of cucumber was significantly increased by the application of botanical pesticides (P ≤ 0.05). From this result, it is very clear that among the tested plant extracts, the combined extract of mahogany and chirata seeds treatment produced highest amount of cucumber (1863.33 ± 340.05 g), whereas a lowest cucumber production was found in garlic treatment (591.67 ± 41.93). The second highest production was observed in individual mahogany seed treatment ( Table 4) . Values (mean ± SE) followed by the same letter within a column are not significantly different at the 5% level of probability (Duncan's Multiple Range Test). Table 3 . Observed pests in cucumber field. Values (mean ± SE) followed by the same letter within a column are not significantly different at the 5% level of probability (Duncan's Multiple Range Test).
Conclusion
Eight botanical pesticides were sprayed on cucumber experimental plot. Out of these botanicals, application of combined extract of mahogany seeds and chirata leaves showed good results for pest control in cucumber field. The highest production of cucumber was also found in this treatment. Therefore, farmers of Bangladesh should use botanical pesticides from mahogany seeds and chirata in cucumber field instead of toxic chemical and synthetic pesticides.
